Gap junction permeability between tenocytes within tendon fascicles is suppressed by tensile loading.
Gap junction communication is an essential component in the mechanosensitive response of tenocytes. However, little is known about direct mechanoregulation of gap junction turnover and permeability. The present study tests the hypothesis that mechanical loading alters gap junction communication between tenocyte within tendon fascicles. Viable tenocytes within rat tail tendon fasicles were labelled with calcein-AM and subjected to a fluorescent loss induced by photobleaching (FLIP) protocol. A designated target cell within a row of tenocytes was continuously photobleached at 100% laser power whilst recording the fluorescent intensity of neighbouring cells. A mathematical compartment model was developed to estimate the intercellular communication between tenocytes based upon the experimental FLIP data. This produced a permeability parameter, k, which quantifies the degree of functioning gap functions between cells as confirmed by the complete inhibition of FLIP by the inhibitor 18α-glycyrrhentic acid. The application of 1N static tensile load for 10 min had no effect on gap junction communication. However, when loading was increased to 1 h, there was a statistically significant reduction in gap junction permeability. This coincided with suppression of connexin 43 protein expression in loaded samples as determined by confocal immunofluorescence. However, there was an upregulation of connexin 43 mRNA. These findings demonstrate that tenocytes remodel their gap junctions in response to alterations in mechanical loading with a complex mechanosensitive mechanism of breakdown and remodelling. This is therefore the first study to show that tenocyte gap junctions are not only important in transmitting mechanically activated signals but that mechanical loading directly regulates gap junction permeability.